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ABSTRACT .

Science teacher education programs need to provide
opportunities for teachrs to, acquire strategies of teaching which
are compatible with thestruCilre of what is to be taught. The use of
more inductive/indirt teaching strategies, which reflect the true
nature of science, s'eems-to be dictated by the programs,
IMplementation of teacher training methods should be based upon
empirical' links of effectiveness which have been established between
particular teacher-behaviors and pupil outcomes and between a
training mode and the desired teacher behavior. One classroom
analysis system whidl-has been designed to allow collection of data

/on teaching behaviors in i)oth verbal and non-verbai classroom
activities is the Teaching-Strategy Observation Differential (TSOD).
The TSOD is particularly wellsuited for collection of data_on
science teacher behavior in classrooks and laboratories where may of
the learning Activities involve student-Centered non-verbal
strategies. Another measure isthe Data Processing Observation Guide
which measufes the occurrence of ten specific, operations and three
general interactions which occur in a classroom where science process
skill learning is taking place. (BB)
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THE USE OF STRATEGY.ANALYSIS.TUTRAN
TEACHERS IN MANIPULATION OF TEACHING STRAT&;,,QIES-

4

Teaching s :5;,es can be categorized on a continuum with extremes

.:define expository/direct and inductive/indirect teaching. These

.extremes are represented by-Anderson and Horn (1972) using the diagrams

presented in Figures 1 and 2.

Figure 1. Conceptual model of expository/direct teaching.

Figuie 2. Conceptual model of,inductive/indirect teaching.

The S represents studentvT represents teacher, and E represents the

classroot environme including the learning materials employed and the
.-- 4 .,,,.

'
,,..)

1pbservable phenomena under study. These authors. describe the expository/

3,direct style as-'a strategy where the teacher acts as

ral, phenomena fOrTthe students and" is the"filter through which all in-

interpreter of natu-

formation is desp,ensed. In the inductive/indirect style; the students

interact directly with materials and formulate their own conclusions to

1 I
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student generated quest,41bns; the teacher's role is largely that of

faoilitator and supplier of materials.

Sci ce 4acher educatialp programs4need to provide opportunities for

teachers to acquire strategies of teaching which are compatible with the
1 7 %

sttucture of what is to be taught. The modern scieriCe programs
,,,

. u

2

available

t0-schools focus upon student us
.
of materials and student inquiry.

. ,--

4cdorAngly, the use of more inductive /indirect teaching strategies, whi
....

reflect the true nature of science, seems tobe dictated by the programs.
.v.

.

Schwab
- .

(1962) maintains that there is;a neea for.a revolUtion

-of'
teaching and learning posture, with some of its Ci5ntribution coming front

those-who train classroom teachers.' If one:accepts this position, it

I would seem that there is a mandate for pre-service training classes to
4

encourage and train teachers ip the.useof inductivektndireatteaching

strategies.

.

Student Achievement and Teaching. Strategies.

°*.

Researcgevidencesuggests that there is a positive relationship

between student achievement and attitude's and inductive/indirect teaching

ateges. -LaShier and WestmeYer (1967) found that eighti grade biology
.

.! .

,student's in indirect classes achieved more and had better4attittdes than

students in direct classes.

more science in an
a

SChantz (3963) found that students learned

Weber (1968) repolted significant'

creativity indicating superior

*
7

classrooms. Similar result were found, in

concluded that'growth.in arai3thmeTTEscores

indireat situation.'

of verbaldifferences on three measures

growth for pupils in indirect

a study by Powell/(1968). He
. ;

.

- was signi5icantly higher for indirect classes: However, i4.1 the same
.

/
study, Powell found that scares in reading were not Significantly dif-

.,
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'ferent for indirect,and direct4lasses. Amidon and Flanders (1961)

concluded that higher scores and a better' attitude toward learning were

associate with indict geometry classes. In an experimental study,
4

Shymansky and Mattheirs (1974) reported that a significant difference in

student investigative skills resulted classes taught by an indirect.

strategy. In summary, the' research cite suggests that -significant dif-:

ferences in achieveMent and attitude seem to favor indirect teaching

s.trategies.
.

Based on the above research findings it would seem pedagogically

sound to make -an attempt toanalyze our teaching strategies-and, if needed,

t them to include more inductive/indirect interactions.

1

Analysis of Teacher Behavior

To analyze teaching" strategies, one must ask if the behaviors that
"---m

are' rela=ibd ti higher student achievement can be identified by existing

observational systems. If needed,.can established behaviors be Changed?

If so; by what methods Pisn the change be madeln the desired direction?

0Systematic observation of classroom 'instruction ds not new. As earlyq

as 1914, Horn developeda system for observing and coding classrooms be-

.havior. However, it has only been recently that systematic methods have

become widely used. This greater emphasis on an empirical basis _f our_

knowledge of classroom behavior its to be desired For only by it'<0axi'we

subject the teaching act to some measure of analysis and control' Ivany

and Neujahr (1970) state that to be able toTassess somet4ing, one must

first be able to describe it accurately and to know and undertand one's

own behaviorS leads to control of them.

Q.



Teacher Training and Empirical Links
\ .

Implementa on of teacher training me429ds shouldbe based upon em-
4 . . .

. .

-pirical 4nks of effectiveness which have been establis/hed:beiWeen parti-
,

-cular teacher behaviors _and pupil outcomes and between a training mode and

the desired teacher, behavior.
S'.

Figure 3 represents a model of al process in which the training mode--

''1is selec ed because it influences a t aching behavior which is related to

14-

desired pupil outcomes. The model also shows that the desire to bring

about a particular outcome or behavior should influence the section of

the teachingAtrategy or training mode.

_The optimum condition is for the links to be established through

experimental research'nd therefore be labeled as causal; but the state

of the art ma5y dictate that correlational links be accepted when causA.

links have not been explored and/oi, established.

Empirical Evidence for Teacher Training Mode

as

Current training in 'isteraction analysis involves at least two aspects,

both of which may affect the tjaching havior of the subjects. -One,aspect

n-::19t,L14

is training toward an awareness and underltanding of the different levels

of interaction. The second aspect would be.modeling the lessons presented

as examples of teaching strategy.

From a° review of the literature related to the two areas mentioned

above; the following conclusions are drawn:

1. Subjects that are exposed to a treatment involving verbal

Interaction analysis. tend to moveytoward an indiredt verbal teaching stra-

tegy. (e.g., Kirk and Amidon, 1967; Rousch and Kennedy, 1971; an Hough,

Lohman and Ober, 969.)
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Figure 3. A process model for selecting training modes for teaching
strategies related to desired pupil outcomes.

c

AO.



2. There is evidence that observational learning of indlrect

verbal strategy occurs when subjects receive video or audio stimulation
c,-

from a model lesson using indirect stratw. (e.g., Bandura, 1965;

'Lange, 1971; andZevin, 1973.)

.. The research cited provides evidence of empirical links between par-

ticular teaching strategies and pupil outcomes and between strategy analysis

training modes and teacher behaviors. In fact, the links are strong and

stable enough that they should be influencing the. implementation of teacher

training activities.

The,Teaching Strategies Observation Differential

Many classroom analysis systems and observation different*s that

_have allowed ut to describe and giin knowledge of teaching behaviOrs have

P '-

been developed. Most of these are basedon a few key assumptions namqy

-

that a teacher's verbal behavior adequately represents his total behavior,

and therefore can be used singularly to measure classroom climate. This

assumption has been questioned by-several researchers. (e.g., Boyd and

DeVault, 1966; Bales, 1950; Medley and Mitzel, 1958; Parakh, 1965, and`

Evans, 1968.) Most of the recent,measures have been developed to collect

data on both verbal and non-verbal classroom activities.. One such measure

is the Teaching S-4-etegy Observation Differential (TSOD) developed by

Anderson, Struthers and James (1970. The TSOD is particularly well suited

for collecting data on science teacher behavior in classrooms and labora-

tories where many of the learning 4ctivities involve student-centered non-

verbal strategies. The developers describe the function of the TSOD as

systematically recording classroom activities. In doing so, the TSOD pro-
,

vides a measure of the overall teaching strategy or style used by a teacher,
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.including both the verbal and non2verbal interactiof between teacher,

students and the physical materials which constitute the classroom envi-

ronment. This purpose is accomplished'by providing a single rating of a

teacher's style, sepresenting his position on a continuum, from 0-10 with

11 --/
- extremes defined as expoeitory/direct and inductive/indirect teaching.
.

,
...4

The TSOD continuum on.-...\ which Vie teaching strategy is rated is defined
.

by Anderson, et al. (1974) using the following behavioral hierarchy:

4

I. NON-EDUCATIONAL ACTIVITIES

0 Non-educational activities beyond the teacher'sIntrol

0
2

Teacher controllable non-educational activities

DIRECT VERBAL

1.) Facts
L

2.4Direction or opinion

3. Limiting questions

III. , DIRECT NON-VERBAL

4., Dempnstration

5, Student exercises

IV. INDIRECT VERBAL

. 6. Teacher questions

7. Teacher response

8. Teacher guidance

V. INDIRECT NON-VERBAL

9. /eacher planned open ended investigations

10. Student planned investigations

Yeany (1977) reported a study in which the effects of training pre-

service elementary science teachers by strategy analysis using the TSQD,

by the use of video-taped model lessons, and by..a combination of the two
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approaches were compared. The results of the study indicate that it is

possible to significantly affeict the teaching style and attitudes of. pre-

service elementary science teachers. The best results were 4-om the

combined use of the TSOD and video-taped model lessons. However, use of

either the TSOD or video-taped model lesson alone produced consistent trends

-

along the same lines -- the subjects altered behavior toward more inductive/

indirect teaching strategies.

Yeany (1978) further reported 1777Ttty in which the use of microteaching

combined with strategy analysis and videotaping on the teaching 6ategies

of preservice science teachers was studied. The results of the study indi-

cate that the use of the TSOD along with nonbiasedlinteraction with an

instructor after systematic analysis will cause a greaterimnmrrtan

inductive/indirect teaching strategy.

In a similar study, Riley (1978) utilized videotaped microteaching

lesSons, in which one group used the TSOD to rate a videotaped lesson

they had taught; and another group used the TSOD to rate a videotaped--/

lesson taught by a peer. A control group did not participate in any stra-

tegy analys.is activities. The results of the study indicate that bOth

experimental groups showed significant shifts toward inductive/indirect

teaching strategies over the control group.'

The Data Processing Observation Guide 0

, . (

Although the TSOD is useful in analyzing the Noad behaviors of in-

ductive/indirect strategies, there is a need to look at the more specific

..,

1").
4

behaviors associated withkscience teaching. For example, the processes
\\

of science are of,paramount importance to the discipline. TheSe processes-

should also be of equal importance in the teaching of-science and the new

10



science curricula are based on the premise that utilization of these pro-
.

c9sses will involve students in the scientific interprise. However,

teacher trainers find it difficult to get teachers to use a science pro-

cess oriented approach. In an effort to increase the facility of teachers

to use such an approach, Yeany and Capie (1977) dpveloped the Data P;poee7Ssing

Observation Guide (DPOG). The DPOG describes and measures the occurence

of ten specific operations and three general interactions which occur in
2

a classroom where science process skill learning is taking place (see

Figure 4).

The DPOG has two functiohs. First, _ be emp oyed as a science

teacher training tool where the trainer engages the teacher in systematic'

analysis of models (e.g., video tapes) of data-processing behaviors.

Potentially, this analysis cart assist the teacher in identifying, com-
e

municating and designing data processing learning activities.. The second

function is to assess classroom behavior. In this function ti-_^

serves as an assessment tool for research and program evaluatic:L.

In a study of the effects.of process skill analysis utilizin: the

DPOG, Yeany, Okey and Capie (1978) reported that pre-service secen ary

science teachers trained iAa the use of the DPCC we_.= s __ficantly influenced

toward use of more student involvement in proces=- skill ",:_ch:Lng in

lessons which'involved data collectior4 manir,u1a-:lon, and interpretation.

A Suggestion Toward Implementation

Apparently teachers" verbal and non-verbal behaviors are influenced

throbugh the systematic analysis of both model and self-taught lessons.

Any efficient way to accomodate both of thOse influences is to engage the

trainees in the analysis of selected teaching models while they are being
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1 collecting

2 recording

3 ordering

4 condensing*

5 preparing

DATA

1 collecting

2 recording

3 ordering

4 condensing

5 preparing

6 displaying 6 displaying

7 translating 7 translating

A
8 comparing 8. comparing

9 expanding

10 inferring

9 expanding

./
10 inferring

STUDENT D E

R P
E L
C A
T

I / N
N / I

G N
G

Q

U

E

S ,

T

0

10

TEACHER

N

I

N

G

4, Figure 4. A model of operations and interactions that occur when
students and teachers are woi-king with data.
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trailed to use the analysis system and then assign them to employ the
... 4

system as they observe recorded episodes of their-own teaching. Also, as

cited earlier, a guided analysis of tileir beha i s seems to maximize the
.

.
.

sessions
''.

infleunce of- the strategy an&lysis sessions f'

The teaching Stategies Observation Differential has proven tp

manner in the Secondary 89ieabEvery effective iihen used in the, move

-N4

Teacher Training at the University of Georgia. In this program the t ees

analyze v* otaped modei4lessons whi 'have been developed to-present.a.
41

full range of science teaching strategies which show'elidence of being ,

effective in bringing about desiied pupil outcomes. /The models vary

real teachers teaching-intneii-, own classes through professOrs"conducting

demonstration lessons in public schoils to graduate students teaching con-
.

trived lessons to- peers who are, cooperating -Co produce a mO4el'lesson T4ith

selected characteristics.

During the systematic analysis of the model the tape is stopped

fre enty to determine the level of agreement on the TSOD coding of the

1 ssroom behaviors and to discuss the appropriateness and effectiyeness_gf.------

a particular strategy. After the entire lesson has been coded, the strategy

profile of the lesson is mapped (see'Figure 5) and the average level of

directness /indirectness is calculated by summing all of the codings and ,

dividing by the number of intervals coded. For_example, an average coding

of 1.7 indicates that the lesson has been very direct and teacher-centered

while an 8.7 indicates an indirzt student-centered lesson and 4.9 is near

the middle of the continuum. This vaiue should be combined with the

strategy profile for a more complete interpretation. Each of these lesson

parameters is then discussed in relation to their appropriateness and ease

of executing in the science classroom.
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IP
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no
a

0

Time

5. TSOD coding which have been graphed to represent' a strategy

rofile for a single lesson.

4.

When the trainees become proficient in identifying and coding

teaching strategies, they are required to-peer-teach a lesson designed to

btlt selected,outcomes'by engaging in appropriate, teacher/pupilring abo

behaviors.

the stud4nt.

teach and

This lesson als video-recorded and saved for'self-analysis by

.1
After the self-analysis, the trainees have been required to

analyze a second lesson-but a

may have limited impact on the behavior changes (Yeany, Okey, & 19771.

The big adjustments appear to be.made during the model analysis and the

12

recent study indicates that this

',first lesson.

14
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.).

The Data Processing ObserNation Guide (DPOG) is used with the

same training protocal. After the viewing and analysis of models, the-

13

,

trainees are advised to teach lesson's involving data collection, manipula

, and interpretatiOn. They then use'the DPOG to analyze the spedifi
.

ess 's- kin. teaching behaviors in these lessonS.

The peer teaching with video-taping offers the additional benefi-ks.
°

of providing an opportunity for the trainees to experiencethe teaching i

.
act (often for-,the first time), in a-controiled environment where the riskS

are minimal and to observe themselves and,make adjustmentsbefore they are

fgrced to integrate the almost infinite set of variables:in the public,

school classroom. One should question whether the neWly'adopted:teaching

behaviAcs carry into the real classroom. Apparently they do. Results from

the study by Yeany (1976) indicated that t5cIehaviors were persisting

several months later in-the public school classrooms after the teachers had

. been trained in a university based program.

The above training protocol meets three important critet.ia which

should be set for all teachkr training activities. First, there is ah

established link between the teaching behaviors being acquired and result-

ing pupil outcomes. Second, there is empirical evidence that the training

mode can bring about the desired behaviors,,and, third, the protocol is

feasible within most teacher training programs. These three conditions

give support for recommending the use of systematic analysis of model and

self-taught lessons as a means of influencing teachers' behaviors. And,
-

as stated earlier, they should also be the conditions we look for in all

of our teacher training activities.
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